(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



lIliilllllHl 

(id EP 0 883 182 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication; 


(51) Intel 6; H01L 23/538, H01L 23/498 




09.12.1998 Bulletin 1998/50 






(21) 


Application number: 98304446.2 






(22) 


Date of filing: 04.06.1998 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Horiuchi, Michio, Shinko Electric Ind. Co., Ltd. 




MC NL PT SE 




Nagano-shi, Nagano (JP) 




Designated Extension States: 


• 


Yoda, Eiji, Shinko Electric Ind. Co., Ltd. 




AL LT LV MK RO SI 




Nagano-shi, Nagano (JP) 






• 


Takubo, Chiaki 


(30) 


Priority: 05.06.1997 JP 146993/97 




Sumida-ku, Tokyo (JP) 


(71) 


Applicants: 


(74) 


Representative: Rackham, Stephen Neil 


• 


SHINKO ELECTRIC INDUSTRIES CO. LTD. 




GILL JENNINGS & EVERY, 




Nagano-shi, Nagano 380-0921 (JP) 




Broadgate House, 


• 


Toshiba Corporation 




7 Eldon Street 




Kawasaki-shi, Kanagawa-ken (JP) 




London EC2M 7LH (GB) 



(54) Lattice arrangement of electrodes on a multi-layer circuit board 



(57) The invention is concerned with a multi-layer 
circuit board for mounting an electronic part such as a 
semiconductor chip having as many pins as 40 x 40 
pins arranged as an array on the side of the mounting 
surface or a semiconductor device having electrodes ar- 
ranged like an array on the side of the mounting surface. 



The invention provides a multi-layer circuit board which 
makes it possible to mount an electronic part such as a 
semiconductor chip or a semiconductor device despite 
of a decreased number of circuit boards that are lami- 
nated one upon the other, which features improved yield 
of production, and which can be used as a highly reliable 
product. 
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Description 

The present invention relates to a multi-layer circuit board for mounting an electronic part such as a semiconductor 
chip or a semiconductor device having a number of electrodes arranged in a lattice form or in a staggered manner. 

In modern semiconductor devices, the logic devices are becoming highly functional and highly integrated, feature 
more inputs and outputs, and are being mounted ever more densely. Therefore, products have been produced to 
compensate for a lack of space for forming electrodes, and to cope with increased numbers of inputs and outputs, by 
arranging electrodes like an array on the electrode-forming surface of a semiconductor chip. Fig. 25 illustrates a prior 
art or mounting a semiconductor chip 4 on a substrate 5 relying on a flip chip connection. The semiconductor chip 4 
shown here has electrodes 6 arranged on the outer peripheral edges thereof. Circuit patterns 7 are connected to the 
electrodes 6 and are taken out; i.e., the circuit patterns 7 are connected to every electrode 6 on a surface. 

Fig. 24 illustrates the arrangement of lands on a wiring member for mounting a semiconductor chip having two 
rows of electrodes 6 arranged along the outer peripheral edges of the electrode-forming surface, and the arrangement 
of circuit patterns 7 connected to the lands 8. In this example, each circuit pattern 7 is drawn from an intermediate 
portion of the land 8; i.e., the circuit pattern 7 is taken out from every land 8 on a plane. In drawing the circuit patterns 

7 from the lands 8 arranged in plural rows, it is accepted practice to make the circuit patterns 7 connected to the lands 

8 ot the inner side starting from intermediate lands 8 of the outer side. 

When a number of electrodes are arranged like an array on the electrode-forming surface to increase the numbers 
of inputs and outputs, however, it becomes no longer possible to take out the wirings toward the outer side from all 
lands on the surface thought it may vary depending upon the distance between the lands and the number of the lands. 

To solve rnb problem, it has been contrived to form circuit boards in many layers for mounting a semiconductor 
chip, and to sjitnbly arrange the circuit patterns on the laminated circuit boards, in order to electrically connect the 
lands to every eloctrode of the semiconductor chip and to make the circuit patterns. Fig. 26 illustrates an example 
where a semiconductor chip 4 is mounted on a multi-layer circuit board obtained by laminating a plurality of layers. 
Thus, according to the method of laminating the plurality of layers, it becomes possible to electrically connect the 
semiconductor chip 4 having a number of electrodes 6 arranged like an array to the external connection terminals 
without causing the circuit patterns to interfere. In Fig. 26, reference numeral 7a denotes a circuit pattern of an inner 
layer and 5a to 5d denote circuit boards which are the first to fourth layers. 

When the semiconductor chip having electrodes arranged like an array is to be mounted on the circuit board, about 
two circuit boards may be laminated one upon the other provided the number of the electrodes is not very large. When 
the semiconductor chip has as many pins as, for example, 30 x 30 pins or 40 x 40 pins, however, the circuit boards 
must be laminated in 6 to 10 layers. 

When the circuit boards in which the circuit patterns are very densely formed are to be laminated in many layers, 
there will be employed a high-density wiring method such as build-up method accompanied, however, by serious 
problems in regard to yield of the products, reliability and the cost of production. That is, when the circuit patterns are 
to be formed in many layers, vias are formed in each layer to accomplish an electric connection between the circuit 
patterns and the circuit patterns across the layer, and the layers are successively laminated, requiring a high degree 
of precision without, however, offering high degree of reliability. When many layers are laminated, furthermore, it is 
required that none of the layers is defective, involving further increased technical difficulty. 

To produce a multi-layer circuit board by laminating circuit patterns in many layers, while maintaining a good yield, 
a reduction in the number of wiring layers could be an effective solution. 

The present invention is concerned with a multi-layer circuit board for mounting an electronic part such as a sem- 
iconductor chip having as many as 40 X 40 pins arranged in an array on the side of the mounting surface or a semi- 
conductor device having electrodes arranged in an array on the side of the mounting surface. The object of the present 
invention is to provide a multi-layer circuit board which makes it possible to mount an electronic part such as a semi- 
conductor chip or a semiconductor device, despite a decreased number of circuit boards being laminated one upon 
the other, which features improved yield of production and which can be used as a highly reliable product. In order to 
accomplish the above-mentioned object, the present invention provides the following multi-layer circuit board. 

The present invention provides a multi-layer circuit board formed by e.g., laminating a pturality of layers in order 
to mount an electronic part such as a semiconductor chip or a semiconductor device having many electrodes arranged 
in the form of an array. Upon contriving the arrangement of circuit patterns on each circuit layer, a multi-layer circuit 
board can be constituted by forming the circuit boards (wiring layers) in a decreased number of layers. There is no 
particular limitation on the method of fabricating the multi-layer circuit board, and various methods, such as a build-up 
method, can be employed. 

Arrangements of electrodes of the electronic parts can be divided into a normal lattice arrangement and a staggered 
lattice arrangement. Here, when the electrodes are arranged in the normal lattice form or staggered lattice form, a 
problem arises in regard to how the circuit patterns can be arranged to accomplish the highest efficiency. 

The circuit patterns pass through among the lands. In the practical products, therefore, the circuit patterns must 



BNSDOCID: <EP 0B83182A2_I_ 



EP 0 883 182 A2 



be set depending upon the predetermined conditions such as pitch of lands, diameter of lands, width of patterns and 
gap between the patterns. 

According to the present invention, the following method is employed for determining the arrangement of circuit 
patterns on each circuit board in a multi-layer circuit board formed by laminating the circuit boards. Upon arranging 
5 the circuit patterns according to this method, it is possible to form a multi-layer circuit board in the least number of layers. 

First, considered below is a case where the lands are formed in a normal lattice arrangement maintaining an equal 
distance in the vertical and lateral directions. 

Let it now be presumed that intermediate lands of a number of (n - 2) do not exist except for the lands at both ends 
in the arrangement of lands of a number of n maintaining an equal distance, and that the number of wirings that can 
10 be passed (arranged) among the lands between both ends except the lands at both ends is m, then, m is given by the 
following formula, 

m = {(land pitch) x (n - 1 ) - (land diameter) - 

15 

(space between patterns)} -s- (pattern width + 
space between patterns) 

20 where land pitch is a distance between the centers of the lands, land diameter is a diameter of the land, and space 
between patterns is a minimum distance that must be maintained between the neighboring circuit patterns. 

if it is considered that only one circuit pattern is allowed to pass through between the neighboring lands that are 
arranged in a number of n maintaining an equal distance, then, the number k of circuit patterns that can be arranged 
among the lands between the two ends is given by, 

25 

k=(n- 1) + (n-2) = 2n-3 

This means that there are (n - 1 ) channels that permit the passage of circuit patterns among the lands of a number 
30 of n, that there are intermediate lands of a number of (n - 2) excluding the lands at both ends, and that a circuit pattern 
can be drawn from each of these lands. 

Upon comparing m with (k + 1), therefore, when m < (k + 1), there is obtained no effect for increasing the circuit 
patterns even if the circuit patterns are so arranged as to remove all intermediate lands among the lands of a number 
of n. When m ^ (k + 1) : there is obtained the effect for increasing the circuit patterns when the circuit patterns are so 
35 arranged as to remove the intermediate lands. 

in order to constitute a multi-layer circuit board using circuit boards in as small a number as possible, therefore, 
a minimum integer that gives m ^ (k + 1) is selected as a parameter, and the circuit patterns are arranged according 
to the value n. 

Then, a value m is found from the conditions of a given land pitch, land diameter and pattern width, and is compared 
40 with (k + 1 ) to find a minimum value n (integerj that gives m ^ (k + 1 ). Then, the conditions are found that remove the 
land sequences of a number of (n - 2) for the value n, and the circuit patterns are preferentially drawn from the land 
sequences of the number of (n - 2) to accomplish an optimum arrangement. 

Fig. 1 illustrates an example in which the circuit patterns are effectively increased with n = 3 to accomplish an 
efficient arrangement. In Fig. 1 , the distance L - L represents two land pitches. When the lands 10 exist between the 
45 distance L - L, three circuit patterns can be arranged, i.e., a circuit pattern drawn from an intermediate land and two 
circuit patterns passing through the two lands sandwiched by the lands on both sides and the intermediate land. 

On the other hand, when a land is removed between the distance L - L, and a circuit pattern is passed through a 
portion where the land used to exist, there can be arranged four circuit patterns between the distance L - L as shown. 
That is, among the three lands, an intermediate land is removed, and a circuit pattern 7 is passed to increase the 
50 number of circuit patterns by one. From this, every other land is erased from the land sequences, i.e. , the circuit pattern 
is preferentially drawn from the land of an intermediate sequence, in order to increase the number of circuit patterns 
that are drawn out and to accomplish an efficient arrangement. 

In the object product, the land pitch, land diameter, pattern width and space between patterns have been deter- 
mined in advance, and it is easy to find the values m and (k + 1 ) based on these values with n as a parameter Based 
55 upon the calculated results, it can be easily determined which arrangement of circuit patterns would be efficient. 

As will be described later by way of Examples, the circuit patterns on each circuit layer are designed by commonly 
setting the positions of land sequences (that are to be removed) from where the circuit patterns are to.be drawn on 
each of the layers, and for the land sequences from where the circuit patterns are drawn on the preceding layer, the 
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circuit patterns are also drawn from the same land sequences even on the next layer. 

The foregoing description has dealt with the case where only one circuit pattern could be passed through between 
the neighboring lands. However, the same idea holds true even when the circuit patterns of a number of a can be 
passed through between the neighboring lands maintaining an ordinary distance. 

Even in this case, when the (n - 2) intermediate lands do not exist in the arrangement of the (n) lands maintaining 
an equal distance, the number m of circuit patterns that can be passed between the lands at both ends is given by, 

m = {(land pitch) x (n - 1) - (land diameter) - 
(space between patterns)} ^ (pattern width 
+ space between patterns) 

When the intermediate lands are not erased, the number of circuit patterns that can be arranged among the lands 
of the number of n between the two ends is given by, 

k= a(n - 1) + (n -2) 



Therefore, the values m and (k + 1) found with n as a parameter are compared with each other to determine a 
minimum value n (integer) that gives m ^ (k + 1), conditions are determined based on the number of n for selectively 
subtracting the circuit patterns from the land sequences of the number of (n - 2), and the land sequences are erased 
depending upon the conditions, in order to efficiently design the circuit patterns. That is, the idea for arranging a single 
circuit pattern can be adapted even under the condition where a plurality of circuit patterns are arranged between the 
neighboring lands (in the channel portion), in order to efficiently design the circuit patterns. 

When the (n - 2) lands are to be selected from the consecutively arranged (n) lands, the lands to be selected are 
those lands that remain when the lands at both ends are removed from the lands of the number of n 

Which (n - 2) lands should be selected from the land sequences arranged in plural sequences or, in other words, 
how the (n - 2) lands be arranged, is determined depending upon the case where the consecutively arranged lands of 
the number cf n are repetitively arranged in a manner that the last land is overlapped on the first land of the next lands 
of the number of n (in this case, the sequences of the number of (n - 1) serve as a recurring unit), depending upon the 
case where the lands of the number of n are repetitively arranged in a manner that the last land is positioned neighboring 
the first land of the next lands of the number of n (in this case, the sequences of the number of n serve as a recurring 
unit), and depending upon the case where the lands of the number of n are repetitively arranged in a manner that one 
or more additional lands are interposed between the last land and the first land of the next lands of the number of n. 

The method of arranging the circuit patterns adapted to the above-mentioned case of normal lattice arrangement 
can be adapted, too, to the case where the lands are arranged in the staggered lattice form. That is, the staggered 
lattice arrangement can be regarded to be a lattice arrangement when viewed from a diagonal direction. Therefore, 
40 this arrangement is regarded to be the lattice arrangement as viewed from the diagonal direction, and there can be 
adapted the same as the lattice arrangement. That is, when the lattice arrangement is regarded to be the one that is 
viewed from the diagonal direction, values m and (k + 1) are found from the land pitch, land diameter, pattern width, 
and space between patterns using n as a parameter, and an effective value n is found therefrom, and the land sequences 
are determined depending upon the value n for preferentially drawing the circuit patterns based on the same idea as 
45 that of the case of the lattice arrangement. 

In the case of the normal lattice arrangement, the method of the present invention can be effectively adapted to 
the case where it is possible to pass only one circuit pattern between the neighboring lands and the electrode arrange- 
ment is not smaller than 6 X 6. In a normal semiconductor chip, furthermore, the electrodes are arranged according 
to the normal lattice arrangement or the normal staggered lattice arrangement while maintaining an equal distance in 
50 the vertical and lateral directions. However, the idea of the present invention can be adapted even to a semiconductor 
chip having pitches of arrangements that are slightly different in the vertical and lateral directions. 

Particular embodiments in accordance with this invention will now be described with reference to the accompanying 
drawings; in which: - 



Fig. 1 is a view illustrating circuit patterns arranged between the lands in an enlarged scale; 
Fig. 2 is a view illustrating circuit patterns on the first layer according to a first embodiment; 
Fig. 3 is a view illustrating circuit patterns on the second layer according to the first embodiment; 
Fig. 4 is a view illustrating circuit patterns on the third layer according to the first embodiment; 
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Fig. 5 is a view illustrating circuit patterns on the fourth layer according to the first embodiment; 

Fig. 6 is a view illustrating circuit patterns on the fifth layer according to the first embodiment; 

Fig. 7 is a view illustrating circuit patterns on the first layer according to the second embodiment; 

Fig. 8 is a view illustrating circuit patterns on the second layer according to the second embodiment; 
s Fig. 9 is a view illustrating circuit patterns on the third layer according to the second embodiment; 

Fig. 10 is a view illustrating circuit patterns on the fourth layer according to the second embodiment; 

Fig. 11 is a view illustrating circuit patterns on the fifth layer according to the second embodiment; 

Fig. 1 2 is a view illustrating circuit patterns on the first layer according to a third embodiment; 

Fig. 1 3 is a view illustrating circuit patterns on the second layer according to the third embodiment: 
10 Fig. 14 is a view illustrating circuit patterns on the third layer according to the third embodiment; 

Fig. 15 is a view illustrating circuit patterns on the fourth layer according to the third embodiment; 

Fig. 16 is a view illustrating circuit patterns on the fifth layer according to the third embodiment; 

Fig. 17 is a view illustrating circuit patterns on the sixth layer according to the third embodiment; 

Fig. 18 is a view illustrating circuit patterns on the seventh layer according to the third embodiment; 
is Fig. 1 9 is a view illustrating circuit patterns on the eighth layer according to the third embodiment; 

Fig. 20 is a view illustrating circuit patterns on the first layer according to a fourth embodiment; 

Fig. 21 is a view illustrating circuit patterns on the second layer according to the fourth embodiment; 

Fig. 22 is a view illustrating circuit patterns on the third layer according to the fourth embodiment; 

Fig. 23 is a view illustrating a conventional arrangement of circuit patterns in a staggered lattice form; 
20 Fig. 24 is a view illustrating a conventional arrangement of circuit patterns in a normal lattice form; 

Fig. 25 is a view showing a state where a semiconductor chip is mounted based on a flip-chip connection; and 

Fig. 26 is a sectional view showing a state where a semiconductor chip is mounted on a multi-layer circuit board. 

EMBODIMENT 1 

25 

Described below is a multi-layer circuit board for mounting an electronic part having electrodes arranged in the 
form of a normal lattice of 30 X 30 pins, the circuit patterns being arranged under the following conditions. 

Land pitch: 250 u.m 
30 Land diameter: 1 30 u.m 

Pattern width: 40 u.m 
Space between patterns: 40 p.m 

The conditions of this embodiment are adapted to the above-mentioned method of determination, as follows: 
35 When n = 3, 

k=(n-1) + (n-2) = 2n-3 = 3 

m = -((land pitch) x (n - 1) - (land diameter) ~ 
(space between patterns)} •? (pattern width 4 
space between patterns) 
= {250 x 2 - 130 - 40>/(40 + 40) 
= 4. 125 > 4 (= k 4 1) 

When N is 3 in this embodiment, therefore, the circuit patterns are so arranged as to preferentially draw a circuit 
pattern from an intermediate land among the three lands, in order to accomplish an efficient arrangement. 

Figs. 2 to 5 illustrate an example for forming circuit patterns on each of the first to fifth layers in the case of the 
above-mentioned electrode arrangement. The first layer is the one to which the semiconductor chip is joined, arid the 
second to fifth layers are successively laminated on the first layer. The drawings illustrate the arrangement of all ter- 
minals of 30 x 30 pins. In the first layer shown in Fig. 2, the lands 10 joined to every electrode are provided in the same 
arrangement as that of the electrodes of the electronic part. 

In the case of this embodiment, it is effective if the circuit patterns 7 are so drawn as to erase every other sequences 
of lands 10. Therefore, all circuit patterns 7 are drawn from the lands of the outermost circumference, and land se- 
quences are so set as to preferentially draw every other sequences of circuit patterns 7 on each side. 
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In this embodiment, only one circuit pattern 7 is allowed to pass between the neighboring lands 10. Therefore, a 
maximum number of lands from which the circuit patterns 7 can be drawn is three for each sequence. Reference 
numeral 10a denotes a land from which the circuit pattern 7 is drawn, and 10b denotes a land from which no circuit 
pattern 7 is drawn. Land sequences from which the circuit patterns 7 can be preferentially drawn are indicated by arrows. 
5 The lands to which no circuit pattern 7 is connected on the first layer are electrically connected to the second layer 

through vias. 

Fig. 3 illustrates how to draw the circuit patterns 7 on the second layer. The circuit patterns 7 on the second layer 
are drawn in the same manner as on the first layer. The circuit patterns 7 are drawn from the lands 10 of the inner side 
of the land sequence at the same position as the land sequence from which the circuit patterns 7 are preferentially 
io drawn on the first layer. The region for arranging the lands 10 from where the circuit patterns 7 are drawn on the first 
layer can be utilized as space for drawing the circuit patterns, making it possible to draw circuit patterns 7 from the 
lands 10 of more inner side on the second layer. 

Reference numeral 11a denotes a land from where the circuit pattern 7 is drawn on the second layer, and 11b 
denotes a land from where no circuit pattern 7 is drawn. The lands 11b are electrically connected to the lands 10b on 
75 the first layer through vias. 

Fig. 4 illustrates how to draw the circuit patterns 7 on the third layer The circuit patterns 7 on the third layer are 
drawn in the same manner as on the first layer and on the second layer. The circuit patterns 7 are drawn from the inner 
side of the sequences from where the circuit patterns are preferentially drawn. In this case, too, the circuit patterns 7 
are drawn from the three lands on the same sequence. Reference numeral 12a denotes a land from where the circuit 
20 pattern 7 is drawn on the third layer, and 12b denotes a land from where no circuit pattern 7 is drawn. The lands 1 2b 
are electrically connected to the lands 10 on the first layer and on the second layer. 

Fig. 5 illustrates how to draw the circuit patterns 7 on the fourth layer, and Fig. 6 illustrates how to draw the circuit 
patterns 7 on the fifth layer. The circuit patterns 7 on the fourth layer and on the fifth layer are drawn in the same manner 
as on the first to third layers. In Fig. 5, reference numeral 1 3a denotes a land from where the circuit pattern 7 is drawn, 
2S and 1 3b denotes a land from where no circuit pattern 7 is drawn. The lands 1 3b are electrically connected to the lands 
10 on the first, second and third layers. In Fig. 6, reference numeral 14a denote a land from where the circuit pattern 
7 is drawn. On the fifth layer, the circuit patterns 7 are drawn from every land. 

In this embodiment as described above, the circuit patterns are drawn from every electrode by using circuit boards 
in five layers Seven layers will be required when the circuit patterns are drawn from the two lands of the outer side on 
30 each of the layers according to the method shown in Fig. 24. 

EMBODIMENT 2 

Described below is a multi-layer circuit board for mounting an electronic part having electrodes arranged in the 
35 form of a normal lattice of 30 x 30 pins, the circuit patterns 7 being arranged under the following conditions. 

Land pitch: 240 urn 
Land diameter: 110 u.m 
Pattern width: 43 jam 
^0 Space between patterns: 43 ujti 

The conditions of this embodiment are adapted to the above-mentioned method of determination, as follows: 
When n = 3, 



45 



k=(n-1) + (n-2) = 2n-3 = 3 

m = <(land pitch) x (n - 1) - (land diameter.) - 
(space between patterns) y -r (pattern width + 
space between patterns) 
= {240 x 2 - 110 - 43}/(43 + 43) 
* 3-8 < 4 k + 1) 



When n = 4, 
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k=(n-1) + (n-2) = 2n-3 = 5 

5 m - {(land pitch) x (n - 1) - (land diameter) - 

(space between patterns)} * (pattern width + 
space i>etween patterns) 
= {240 x 3 - 110 - 43}/(43 + 43) 

10 % 6.6 > 6 (- k + 1) 

From the above results, when n = 3, it does not hold that m ^ (k + 1). Therefore, the effect for drawing the circuit 
patterns is not improved even though the circuit patterns are drawn from every other land sequence as in embodiment 
is 1 . When n = 4, on the other hand, m > (k + 1) holds. This means that the efficiency of arrangement can be improved 
if the circuit patterns are so arranged to draw the circuit patterns from the intermediate two lands among the tour lands. 

Figs. 7 to 11 illustrate an example in which the circuit patterns 7 are arranged being drawn from the lands 10 
according to the above-mentioned arrangement standard. Figs. 7 to 11 illustrate one-fourth of the 30 x 30 pin arrange- 
ment. 

20 Fig. 7 illustrates the arrangements of circuit patterns 7 on the first layer. In this embodiment, the circuit patterns 7 

are preferentially drawn from the intermediate two lands 10 among the four lands 10. In the drawings, arrows indicate 
the positions of land sequences from where the circuit patterns are preferentially drawn. Two arrows are arranged after 
every other two sequences. In this embodiment, the land sequences from where the circuit patterns 7 are preferentially 
drawn are arranged after every other two sequences. On the land sequences from where the circuit patterns 7 are 

25 preferentially drawn, the circuit patterns 7 are drawn from the three lands as in the above-mentioned embodiment. 

Fig. 8 illustrates the arrangement of circuit patterns 7 on the second layer. Even cn the second layer, the circuit 
patterns 7 are preferentially drawn from the predetermined land sequences (arrows) for preferentially drawing the 
circuit patterns 7, and six circuit patterns 7 can be drawn on the region where the circuit patterns have already been 
drawn on the first layer. Therefore, the circuit patterns 7 are arranged under these conditions. 

30 Fig. 9 illustrates the arrangement of circuit patterns on the third layer, Fig. 10 illustrates the arrangement of circuit 

patterns on the fourth layer, and Fig. 11 illustrates the arrangement of circuit patterns on the fifth layer. Even in these 
cases, the circuit patterns 7 are drawn from the land sequences at predetermined positions for preferentially drawing 
the circuit patterns. The circuit patterns 7 are successively drawn from the lands 10 positioned on the outer side. 
Therefore, a land 10 near the corner is drawn first among the lands 10 arranged in the normal lattice form. Therefore, 

35 the circuit pattern 7 may be drawn in any direction irrespective of the above-mentioned conditions from the land 10 
arranged near the corner. 

In this embodiment, too, five circuit board layers are used to draw the circuit patterns from every land 10. 
EMBODIMENT 3 

40 

Described below is a multi-layer circuit board for mounting an electronic part having electrodes arranged in the 
form of a normal lattice of 42 x 42 pins, the circuit patterns 7 being arranged under the following conditions. 

Land pitch: 240 u.m 
45 Land diameter: 110 u.m 

Pattern width: 43 jam 
Space between patterns: 43 urn 

The conditions such as (and pitch, land diameter, etc, are quite the same as those of the embodiment 2, and the 
so land sequences for preferentially drawing the circuit patterns 7 are selected in the same manner as in the embodiment 
2. That is, the circuit patterns 7 are arranged under the conditions for drawing circuit patterns 7 from the intermediate 
two lands among the four consecutively arranged lands excluding the lands at both ends. 

However, this embodiment has a condition in that when the circuit patterns 7 are preferentially drawn from the two 
neighboring land sequences, another land sequence (from where no circuit pattern is preferentially drawn) is arranged 
55 between the neighboring land sequences. In the embodiment 2, two land sequences were arranged between the land 
sequences from where the circuit patterns 7 were preferentially drawn. 

Fig. 12 illustrates the arrangement of circuit patterns 7 on the circuit board of the first layer, and illustrates one- 
fourth of the whole land pattern. Arrows indicate land sequences from where the circuit patterns 7 are preferentially 
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drawn. As described above, a land sequence from where no circuit pattern 7 is preferentially drawn is arranged between 
two arrows and two arrows 

From the standpoint of designing the circuit patterns 7, the circuit patterns 7 are drawn from the three lands 10 of 
one land sequence lor preferentially drawing the circuit patterns 7, and the circuit patterns 7 are drawn from only the 
two lands 10 of the other land sequence. 

Fig. 1 3 to 1 9 illustrate the arrangements of circuit patterns 7 on the circuit boards of the second to eighth layers 
The land sequences for preferentially drawing the circuit patterns 7 are commonly set on each of the layers in order 
to preferentially draw the circuit patterns 7 in the same manner as that of the above-mentioned embodiments 

The circuit patterns 7 are successively drawn starting from the first layer, and the lands 10 remaining on the circuit 
board are erased from the outer side but remain near the central portions. Thus, the lands 10 are gradually erased 
and common electrodes for obtaining common potentials such as ground potential and power-source potential are 
formed in vacant space in the circuit board. 

In this embodiment, the circuit patterns 7 are drawn from every land 10 on eight layers to cope with the normal 
lattice arrangement of 42 x 42 pin electrodes. Ten layers are required when this is done under the same conditions 
according to the prior art. Thus, the embodiment of the present invention makes it impossible to arrange the circuit 
patterns 7 on a mufti-layer circuit board with a decreased number of layers. 

EMBODIMENT 4 

Described below is the arrangement of circuit patterns 7 on a mufti-layer circuit board for mounting an electronic 
part having electrodes arranged in a staggered lattice form, the total number of lands being 450 pins arranged under 
the following conditions. 

Distance between neighboring lands; 250 ujti 

Land diameter: 1 30 u,m 

Pattern width: 40 pm 

Space between patterns: 40 u,m 

The distance between neighboring lands is a distance P between the closest lands (in a direction in parallel with 
a diagonal line) as shown in Fig 23. In the case of the above-mentioned conditions, the circuit pattern space is 223 
urn between the lands of the of the outermost sequence, and two circuit patterns can be passed between these lands 
On the other hand, circuit pattern space is 120 urn between the closest lands arranged in the direction of 45 degrees 
Therefore, only one circuit pattern is allowed to be passed between the closest lands. 

Even when the circuit patterns are drawn from the electrodes in the staggered lattice arrangement under the above- 
mentioned conditions, the same idea as that of the normal lattice arrangement can be applied In the case of the 
staggered lattice arrangement, however, the circuit patterns are arranged by regarding the direction of a diagonal line 
tilted by 45 degrees relative to the direction of land arrangement of the outermost sequence to be the direction of land 
sequence for drawing the circu it patterns, so that the staggered lattice arrangement can be handled in the same manner 
as the normal lattice arrangement. 

Thus, upon regarding the staggered lattice arrangement to be the same as the normal lattice arrangement the 
conditions set in this embodiment are quite the same as the conditions set in the embodiment 1 . When n = 3 therefore 
an efficient arrangement is accomplished by drawing the circuit patterns 7 according to a preferential circuit pattern ' 

Figs. 20 to 22 illustrate the arrangement of circuit patterns 7, according to the above-mentioned method, on each 
of the first to third layers. In Fig. 20, the land sequences in the direction of arrows are those from where the circuit 
patterns 7 are preferentially drawn. When viewed from the direction of a diagonal line, the lands 10 of every other 
sequences are erased. 

Figs. 20 to 22 illustrate the arrangement of circuit patterns 7 according to the method of preferentially drawing the 
circuit patterns from the same land sequence, and the circuit patterns 7 are drawn from every land 10 on three layers 
Four or five layers will be required when the circuit patterns 7 are drawn starting from the outermost sequence suc- 
cessively into the inner side in the staggered lattice arrangement under the same conditions as shown in Fig 23 
According to the arrangement of this embodiment, on the other hand, it is possible to obtain a multi-layer circuit board 
while effectively decreasing the number of the circuit boards. 

In the foregoing was described the arrangements of circuit patterns on a multi-layer circuit board mounting an 
electronic part having electrodes arranged like an array by way of embodiments. Next, described below are limitations 
on preparing a multi-layer circuit board in connection with the method of drawing the circuit patterns 

The multi-layer circuit board has vias formed among the layers to electrically connect the circuit patterns among 
the layers. The vos formed among the layers may be formed vertically but the lands on an upper layer and the lands 
on a lower layer may often be formed slightly deviated in position on a plane. When vias are vertically formed in the 
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10 



15 



20 



multi-layer circuit board, no limitation is imposed on the above-mentioned method. When the lands on an upper layer 
and the lands on a lower layer are deviated in position on a plane, however, a limitation is often imposed on the 
arrangement of circuit patterns. 

That is, when the amount of deviation in position between the lands of the upper layer and the lands of the lower 
layer is denoted by D, no limitation is imposed on the method of the present invention when, 

D < (distance between lands) - {(pattern width) 
+ (space between patterns) x 2} 

Limitation is partly imposed on the embodiments 2 and 3 when, 

(Distance between lands) - {(pattern width) + 
(space between patterns) X 2} < D < (distance 
between lands) 

Limitation is partly imposed on the embodiment 1 : or the method becomes quite impossible to carry out when, 



(Distance between lands) < D < (distance between lands) x V2 

25 

As described above, the multi-layer circuit board of the present invention is for mounting an electronic part having 
electrodes arranged in a normal lattice form or in a staggered form, and is constituted by using circuit boards (wiring 
layers) in a number as small as possible, making it possible to improve the yield of production maintaining high reliability 
Moreover, the multi-layer circuit board of the present invention permits an increased number of circuit patterns (lands) 
30 to be drawn on each circuit board ccmpared with the prior art enabling vacant space to be formed on the circuit board 
and excellent electric properties to be provided by effectively utilizing the vacant space. 

It is to be understood that the invention is by no means limited to the specific embodiments illustrated and described 
herein, and that various modifications thereto may be made which come within the scope of the present invention as 
defined in the appended claims. 

35 

Claims 

1. A multi-layer circuit board characterised in that it comprises a plurality of circuit layers, each having lands and 
40 circuit patterns formed on its surface according to the certain regulations; 

wherein one upper circuit layer has lands disposed and arranged like a lattice in the vertical and lateral direc- 
tions on the surface and has circuit patterns having one ends connected to the predetermined lands and other 
ends drawn so as to outwardly extend in the surface; 
45 wherein, when there are the following relationships among the pitch of lands, diameter of lands, width of 

patterns, space between patterns, the number a of circuit patterns that can be arranged between the neigh- 
boring lands and a parameter n, 



5Q m~ {(land pitch) X (n - 1) - 

(land diameter) - (space between patterns)} -s- 
(pattern width + space between patterns), 

55 

k= a(n-1) + (n-2), 
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a minimum value of n which may give m S (k + 1) is calculated; 

wherein (n - 2) land sequences that remain after the lands are subtracted from both ends of consecutively 
arranged (n) land sequences, are selected and defined as common draw-out sequences for preferentially 
drawing the circuit patterns on each layer, such that the circuit patterns are formed by being drawn from said 
5 draw-out sequences; 

wherein the lands from which no circuit pattern is drawn on the circuit layer are electrically connected, through 
vias, to the lands formed on the next layer; and 

wherein the regions of the subsequent layers corresponding to the regions of the lands from where the circuit 
patterns are formed and drawn out on said circuit layer are utilized as regions for drawing out the circuit 
10 patterns. 

2. The multi-layer circuit board according to claim 1, wherein a plurality of groups of land sequences are regularly 
disposed, each group having (n) land sequences as a recurring unit, and wherein (n - 2) land sequences are 
selected from each of the groups. 

15 

3. The multi-layer circuit board according to claim 1, wherein a plurality of groups of land sequences are regularly 
disposed, each group having (n - 1) land sequences as a recurring unit, and wherein (n - 2) land sequences are 
selected from each of the groups. 

20 4. A multi-layer circuit board characterised in that it comprises a plurality of circuit layers, each having lands and 
circuit patterns formed on its surface according to the certain regulations; 

wherein one upper circuit layer has lands disposed and arranged in a staggered manner on the surface and 
has circuit patterns having one ends connected to the predetermined lands and other ends drawn so as to 
25 outwardly extend in the surface; 

wherein, when the staggered arrangement is regarded to be a lattice arrangement as viewed from the diagonal 
direction, when the diagonal direction is regarded to be a land sequence direction, and when there are the 
following relationships among the pitch of lands, diameter of lands, width of patterns, space between patterns, 
the number a of circuit patterns that can be arranged between the neighboring lands and a parameter n 

30 

m = {(land pitch) x (n - 1) - (land diameter) - 
(space between patterns)} + (pattern width + 

35 

space between patterns), 



k= a(n - 1) + (n- 2), 

40 

a minimum value of n which may give m ^ (k + 1 ) is calculated; 

wherein (n - 2) land sequences that remain after the lands are subtracted from both ends of consecutively 
arranged (n) land sequences, are selected and defined as common drawout sequences for preferentially 
drawing the circuit patterns on each layer, such that the circuit patterns are formed by being drawn from said 
45 draw-out sequences; 

wherein the lands from which no circuit pattern is drawn on the circuit layer are electrically connected, through 
vias, to the lands formed on the next layer; and 

wherein the regions of the subsequent layers corresponding to the regions of the lands from where the circuit 
patterns are formed and drawn out on said circuit layer are utilized as regions for* drawing out the circuit 
50 patterns. 

5. The multi-layer circuit board according to claim 4, wherein a plurality of groups of land sequences are regularly 
disposed, each groups having (n) land sequences as a recurring unit, and wherein (n - 2) land sequences are 
selected each of the groups. 

55 

6. The multi-layer circuit board according to claim 4, wherein a plurality of groups of land sequences are regularly 
disposed, each group having (n - 1) land sequences as a recurring unit, and wherein (n - 2) land sequences are 
selected from each of the groups. 
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Fig.1 
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Fig.2 
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Fig.3 
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Fig. 5 
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Fig.11 




-o o o 



-CO/) 
-0 c o 



— O p ^ 

—oop 




Fig.12 



o 
o 
c 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

ojp p o 



p \> 
—cop 
-coo 

— o p \> 



o 


o 


o o 


O 0 


o 


c 


0 


o 


0 


0 O 0 


c 


o 


0 


o 


o 


o o 


o o 


o 


o 


o 


o 


o 


O O 0 


0 


o 


o 


o 


o 


o o 


o o 


o 


o 


o 


o 


0 


O 0 o 


0 


o 


o 


0 


o 


o o 


o o 


o 


o 


0 


o 


o 


O 0 0 


o 


o 


0 


o 


o 


o o 


o o 


o 


o 


o 


e 


c 


0 o o 


o 


o 


o 


o 


o 


o o 


o o 


o 


o 


o 


o 


o 


o o o 


o 


Q 


o 


o 


o 


o o 


o o 


o 


o 


o 


o 


o 


O 0 o 


o 


o 


o 


o 


o 


o o 


o o 


o 


o 


o 


o 


o 


o o o 


o 


o 


o 


o 


o 


o o 


o o 


o 


o 


o 


o 


O 


o o o 


o 


o 


D 


o 


o 


O O 


o o 


o 


o 


o 


o 


0 


o o o 


o 


o 


o 


o 


o 


o o 


o o 


o 


o 


o 


o 


o 


0 o o 


o 


o 




o 


o 


V o 


o o 


o 


o 


o 


o 


o 


o o o 




"cT 


o 


o 


o 


c o 


o o 


o 


o 


c 


o 


o 


o o o 


c 


o 


o 


o 


o 


o o 


o o 


o 


c 


o 


o 


0 


O O 0 


0 


o 


o 


o 


o 


o o 


o o 


o 


o 


o 


o 


o 


o o -o 


o 


o 


o 


o 


o 


o o 


o o 


o 


o 


o 


o 


0 


o o o 


0 


o 


6 


o 


o 


o o 


o o 


o 


o 


o 


o 


o 


o o o 


o 


o 


o 


o 


o 


c o 


o o 


o 


o 


o 


o 


o 


o o o 


o 


6 


o 




o 


p s 


o p <a 


o 






o 


o a o 




<\ 


o 



J! 



© O O f> 

o 9 p o 

III! I 



op 
9 



1111111 



0 0 

? 



ttittittittittitt 



19 

NSDOCID: <EP 0883182A2_t_> 



EP 0 883 182 A2 



Fig.13 

o o p oooooocooooooocoo 
o p ooocoooooooooooo 
O/ — © ooooooooooco ooooo 
o o p ooooooooooooooooo 
o p oooooooooooooooc 
©/— o ooooooooooooooooo 
-o o p ooooooooooooooooo 
o p oooooooooooooooo 
O/ — o ooooooooooooooooo 
o o p ooooooooooooooooo 
o oooooooooooooooo 
0^— e ooooooooooooooooo 
o 0, 0 ooooooooooooooooo 
o p oooooooooooooooo 



O y — O J O OOOOOOOOOOO OOOOGL 




Hi I! ill :H it! 



20 



EP0 883 182 A2 



Fig.U 

cTo ooooooocooooooo 

o\> oooooooooooooo 

■p p v> oooooooooooooo 
^> _j£> oooooooooooooooo 
— o"t> oooooooooooooo 
15~p\> oooooooooooooo 

o p oooooooooooooooo 

o"t> oooooooooooooo 
. o p ^o oooooooooooooo 

o # oooooooooooooooo 

o~b oooooooooooooo 



Q p >D oooooooooooooo 




21 



EP 0 883 182 A2 



Fig. 15 



~cTb o o o 
^^Tb o o 



o *b jp o 

— Q O V O O O 

c* te o o 

o ^ 0 o 

-o o fro o o 

c Po o o 



o 
o 
o 
o 
o 
o 
o 
c 
o 
o 
o 
o 




tf itt!tti 



Fig.16 




c o o o o o o 
o o o o o o o 
o o o o c o o 
o o o o o o o 
o o o o c o o 
o o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 

O a O G> GL O 



pi o\p 



22 



EP0 883 182 A2 



Fig.17 

p OOOOOOOO 



^cTS) O O O O O O O 
iyO\> O O O O O C 




Fig.18 



-eooooooa 




Fig.19 




9 



INSDOCiD: <EP 0883182A2J_> 



23 



EP 0 883 182 A2 



Fig. 20 

£ 

u 

-Q Q/-Q C O O O C ! 

^o^ o o o o c o I 
-0/-0 o o o o o o ' 
— o o o o o o o ! 

1Q -Q~P Oy — O O O O O O I 



0/-0 O O O O O i 




Fig. 21 




24 

BNSDOCID: <EP 08S3182A2J_> 



EP 0 883 182 A2 



Fig.22 




Fig.23 




o o o o o 
— o o o o o o 
z o N -o o o o o o 
— o o o o o o o 
z o N -o o o o o o o 
— o o o o o o o 

z O x - O O O O O O Q, 
O O O O O O Q 

: ^5 N -o o o o o o s. 
— o o o o o o o ^ 
z o N -o o o o o o o 
— o o o o o o o 
= o x -o J O O O o c 

10 7 



25 

BNSDOCID; <EP 0883182A2J_> 



EP0 883 182 A2 




BNSDOCID: <EP 08831 82A2J. 



26 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



i 



(12) 



(n) EP 0 883 182 A3 

EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) intci* H01L 23/538, H01L 23/498 




16.06.1999 Bulletin 1999/24 








Date of publication A2: 
09.12.1998 Bulletin 1998/50 






(21) 


Application number: 98304446.2 






(22) 


Date of filing: 04.06.1998 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


* 


Horiuchi, Michio, Shinko Electric Ind. Co., Ltd. 




MC NL PT SE 




Nagano-shi, Nagano (JP) 




Designated Extension States: 


• 


Yoda, Eiji, Shinko Electric Ind. Co., Ltd. 




AL LT LV MK RO SI 


• 


Nagano-shi, Nagano (JP) 
Takubo, Chiaki 


(30) 


Priority: 05.06.1997 JP 14699397 




Sumida-ku, Tokyo (JP) 


(71) 


Applicants: 


(74) 


Representative: Rackham, Stephen Neil 


• 


SHINKO ELECTRIC INDUSTRIES CO. LTD. 
Nagano-shi, Nagano 380-0921 (JP) 




GILL JENNINGS & EVERY, 
Broadgate House, 


• 


Toshiba Corporation 
Kawasaki-shi, Kanagawa-ken (JP) 




7 Eldon Street 

London EC2M 7LH (GB) 



(54) Lattice arrangement of electrodes on a multi-layer circuit board 



(57) The invention is concerned with a multi-layer 
circuit board for mounting an electronic part such as a 
semiconductor chip having as many pins as 40 x 40 
pins arranged as an array on the side of the mounting 
surface or a semiconductor device having electrodes ar- 
ranged like an array on the side of the mounting surface. 



The invention provides a multi-layer circuit board which 
makes it possible to mount an electronic part such as a 
semiconductor chip or a semiconductor device despite 
of a decreased number of circuit boards that are lami- 
nated one upon the other, which features improved yield 
of production, and which can be used as a highly reliable 
product. 



Fig.2 

I i i M \ Hill) 




CO 

< 

CM 
CO 

CO 
00 
CO 

o 

Q_ 
LU 



oocoooooo 

OOOOOOOOO 

oooooooco 
cooocooco 
oooooooco 
cooooooco 
ooooooooo 
oocoooooo 

000000050 

oocoooooo 
ooooooooo 
oooooccoo 
ooooooooo 

OOCOOOOOO 

ooooooooo 
ooccocooo 
ooooooooo 
ooooooooo 
oooooooco 
ooooooooo 
ooooooooo 
oooooooco 
ooooooooo 
oooooooco 



o oo ooo oooc _ 
ooooooooo ooa 

O O O 0 OO O C O (5~Q O 

OOOOOOOOO C O Q 

ooooooooo — 

O O O O O O O O PC Q3— 

ooooooooo o* a , 3 ■ 

OOOOOOOOO O O 3 

OOOOOOOOO0 Q .3 

OOOOOOOOO O O 3 

OOOOOOOOO 0*0 .3 — - 
OOOOOOOO OOO 3 — - 

oooooooooo e rg — 

OOOOOOOO 0 0 .0*0 — — 

OOOOOOOOOO o o 

o OO o o O O O OQC 



000000000003 
OOOOOOOO OQjf~ 



OOOOOOOO OO Q9 

oocooooo o a< 3 3 — 
oooooooooo O O 

OOOOOOOO OG 

OOOOOC OOOOOj 
O OO O OKI OO OQ 
Q O O n n ' n nnnn 
a[a s. 




Printed by Jouve, 75001 PARIS (FR> 



1NSDOCID: <EP 08B3182A3J > 



EP0 883 182 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 4446 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appropriate. 
ot relevant passages 



DEHKORDI P ET AL: "DETERMINATION OF 

AREA-ARRAY BOND PITCH FOR OPTIMUM MCM 

SYSTEMS: A CASE STUDY" 

PROCEEDINGS 1997 IEEE MULTI-CHIP MODULE 

CONFERENCE, SANTA CRUZ,CA, FEB. 4-5, 

1997,4 February 1997, pages 8-12, 

XP000659331 

INSTITUTE OF ELECTRICAL AND ELECTRONICS 
ENGINEERS 

* page 9 * 

DARNAUER J ET AL: "I ELD PROGRAMMABLE 
MULTI-CHIP MODULE (FPMCM) AN INTEGRATION 
OF FPGA AND MCM TECHNOLOGY" 
PROCEEDINGS OF THE MULTI-CHIP MODULE 
CONFERENCE, SATA CRUZ, JAN. 31 - FEB. 2, 
1995,31 January 1995, pages 50-55 
XP000530001 

INSTITUTE OF ELECTRICAL AND ELECTRONICS 
ENGINEERS 

* page 51 * 

EP 0 308 714 A (IBM) 29 March 1989 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 
vol. 007, no. 186 (E-193), 16 August 1983 
& JP 58 090747 A (NIPPON DENKI KK) , 
30 May 1983 

* abstract * 

US 5 467 252 A (NOMI VICTOR ET AL) 
14 November 1995 

* column 2, line 20 - line 49 * 



Relevant 
to claim 



1-6 



1-6 



The present search report has been drawn up for all claims 



Place of s*aicft 

THE HAGUE 



Date ot compteion of th* seatch 



1-6 



1-6 



1-6 



23 April 1999 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document ot the same category 
* technological background 
D : non-written disclosure 
? intermediate document 



CLASSIFICATION OF THE 
APPLICATION <lrrt.CI.6> 



H01L23/538 
H01L23/498 



TECHNICAL FIELDS 
SEARCHED (lnt.CL6> 



H01L 



Examiner * 

Prohaska, G 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
I : document cited tor other reasons 

& : member ot the same patent family, corresponding 
document 



3NSDOCID: <EP 08831 82A3J_> 



2 



EP 0 883 182 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 4446 



This annex lists the patent family members relating to the patent documents cited in the above-men&oned European search report. 
The members are as contained in the European Patent Office E DP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

23-04-1999 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


EP 0308714 


A 


29-03-1989 


US 


4782193 


A 


01-11-1988 








DE 


3876195 


A 


07-01-1993 








JP 


1096953 


A 


14-04-1989 


US 5467252 


A 


14-11-1995 


NONE 









For more details about this annex : see Official Journal ol the European Patent Office, No. 12/82 



MSDOCID: <EP 0883182A3_I_> 



3 



